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Motivations MAS, Complexity & Coordination
MAS & Complex Systems I
MAS as complex systems
Agents as sources of complexity
Autonomy Unpredictable behaviour
Sociality Non-compositional behaviours
Situatedness Unpredictable interaction with the environment
Multi-Agent Systems (MAS) as sources of complexity
Multiplicity of interacting components
Global vs. local structure and behaviour
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Motivations MAS, Complexity & Coordination
MAS & Complex Systems II
MAS for complex systems
MAS as tools for
Modelling complex systems
Engineering complex system
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Motivations MAS, Complexity & Coordination
What is a Complex System? I
Modelling complex systems
Complexity sometimes related to non-formalisability
“Perceived complexity”
if it allows for a simple explanation, it is not complex
an informal notion if there is one. . . but of some use
Building complex systems
Complexity undermines conceptual integrity in principle
no way few abstractions can be used to design a complex system
Disclaimer: complexity should not be confused with emergent
behaviours
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Motivations MAS, Complexity & Coordination
What is a Complex System? II
Sources of complexity
Multiplicity of heterogeneous components
Unpredictable behaviours of both components and environment
interaction
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Motivations MAS, Complexity & Coordination
Complexity & Coordination
Making components work together effectively and fruitfully
focus on interaction and its management
beyond communication, interoperability, conversations
beyond the reductionist vision, toward holistic, systemic vision
no way to govern large system based on individual / peer interactions
there is something beyond the sum of the individual parts
that of course comes out when parts are put together
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Motivations MAS, Complexity & Coordination
An Example
You are asked to re-organise the life of a small town (10,000
inhabitants) where a new railway and a new station will be installed,
in place of the old local hospital and several private buildings. You
have not only to prepare the new hospital, private buildings and
infrastructure, but also re-use the old station and railway, prepare new
houses, organise the transition, and the life of all the people involved
during the 2-years of time it will take.
Just at the beginning of your work, one of your collaborators comes
and tells you: “No problems!!! All the people in the town speak the
same language, and perfectly understand each other! Our problems
are over, we can safely rest.”
Question: How would you react?
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Motivations Viewpoints over Coordination
Different Viewpoints I
Computer Scientists vs. Engineers
MAS are for
modelling complex systems
engineering complex systems
Coordination as modelling / engineering interaction
models, theories, technologies
methodologies, best practices, tools
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Motivations Viewpoints over Coordination
Different Viewpoints II
Complexity & Engineering
Engineers are troubled by complexity
complexity as a source of richness / problems?
e.g., enabling vs. protecting
open vs. closed systems
security as a form of coordination
What about
autonomy (of components / agents)
openness (of societies)
unpredictability (of the environment)
Are they problems to solve, or potential sources of solutions?
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Motivations Viewpoints over Coordination
Different Viewpoints III
Agent’s vs. Designer’s Viewpoint
Each agent coordinates
trying to understand its best path toward its own goals
interacting with other agents and the environment
according its own goals, desire, intentions, beliefs, knowledge,
capabilities
Each designer coordinates agents and the whole system
trying to make it behaves globally as required
based on / despite of agent’s autonomous behaviour
according to his/her knowledge / understanding of both agent’s and
system’s behaviour
Coordination as either
an agent activity / an activity over agents
Agents as either
coordinating / coordinated entities
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Motivations Viewpoints over Coordination
Different Viewpoints IV
Design-time vs. Run-time System Organisation
Everything is defined statically at design time & fixed once and for all
vs.
Everything is defined at run-time & dynamically modifiable
And all the places in between. . .
Again, in some sense
Closed vs. Open Systems
Fully controlled vs. Self-organising systems
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Motivations The Technology Galore
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Motivations The Technology Galore
“Qualities” of Coordination
Identifying main dimensions and properties
expressiveness
scalability
correctness
formal representation / verification
effectiveness
efficiency
in performance & representation
qualitative and quantitative measurability
maintainability
(Different) relevance to scientists and engineers
have led to different approaches in technologies, too
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Motivations The Technology Galore
Pervasiveness of Coordination
Contexts
Interoperability
Communication
Cooperation
Coordination
Negotiation
Integration
Orchestration
. . .
Research areas
OK, we cannot even try listing them, really
so many
even (particularly?) out of the AI/CS/SE triangle
Different / overlapping / confusing definitions
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Motivations The Technology Galore
Technologies Galore
Huge number of technologies proposed
to make system components work together etc.
Heterogeneous contexts & diverse abstraction/technology levels
Examples of coordination-related technologies
integrating and coordinating services: Jini, OSGi, Java Spaces,
TSpaces, GigaSpaces, . . .
specifying and enacting workflow: WfMC architecture, Workflow
Languages—XPDL, BPML, . . .
supporting groupware
composing and orchestrating Web Services: Orchestration servers,
Orchestration Languages—BPEL4WS, . . .
integrating wireless technologies: BlueTooth, ZeroConf,...
Omicini & Ricci (DISI, Univ. Bologna) 21 - Framing Coordination A.Y. 2012/2013 19 / 182
Motivations The Technology Galore
Example: Wireless technologies
Integrating & Coordinating Autonomous Wireless Devices
Bluetooth (IEEE 802.15.1)
simple coordination capabilities in the basic radio technology
master / slaves
piconet / scatternet
gateways
automatic discovery & configuration of peer devices
ZeroConf (http://www.zeroconf.org)
service-oriented coordination protocol
upon different radio / connection technologies
Ethernet, WiFi, Bluetooth, . . .
transparent & automatic discovery of user services
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Motivations The Technology Galore
Example: Service-Oriented Architectures
Integrating & Coordinating Software Independent Services
Pervasive computing contexts
Intelligent / smart home
Specifications and platforms
OSGi
Jini
Coordination technologies
JavaSpaces
TSpaces
GigaSpaces
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Motivations The Technology Galore
Example: Distributed Workflow Management
Automating the Specification and Enactment of Business Processes
Coordination of distributed independent and heterogeneous tasks
cooperating in the same workflow
coordinating humans and machines in socio-technical systems
Workflow architectures
workflow specification and enactment services
workflow engines
Workflow Specification languages
XPDL
BPML
. . .
Virtual Enterprises / Organisations
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Motivations The Technology Galore
Example: Component Integration & Coordination
Shift from the Individual Components to the their “Containers”
Coordination of distributed independent and heterogeneous tasks
cooperating in the same workflow
. . . that glue components offering services which eventually manage
component interactions (i.e. coordination services)
Transactions, concurrency, persistence, . . .
Infrastructure view
Application Servers
CORBAcomponents
Enterprise Java beans
.NET components
Omicini & Ricci (DISI, Univ. Bologna) 21 - Framing Coordination A.Y. 2012/2013 23 / 182
Motivations The Technology Galore
Example: Web Services Orchestration
Shift from the Individual Web Services to Composition of Web Services
. . . though enactment services (engines) that glue multiple individual
services in the same orchestration (workflow)
Choreography/Orchestration servers
specification and enactment
Choreography/Orchestration languages
BPEL4WS, WSCI, . . .
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Motivations The Technology Galore
Remark
The (coordination) technology galore. . .
. . . poses more issues than the mere technology one
“govern” technologies are not governable?
every technology / infrastructure / tool
embodies / reifies a model
support / promotes a methodology or a practice
either explicitly or implicitly
i.e., they affect the whole spectrum of engineering
Answers at the technology level are typically
specification and enactment
Choreography/Orchestration languages
very focused & specialised
easy to recognise similar issues everywhere
with similar answers
but developed separately & independently
Very exciting, not very intelligent
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The Whole Mess of Coordination
Academia Galore
Lots of heterogeneous models to face the whole mess of coordination. . .
. . . even several heterogeneous surveys
Lots of individual good results but. . .
typically, few points of contact between two different surveys
people tend to take religious standpoints
or, they tended – now they mostly prefer to forget about the whole
matter
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The Whole Mess of Coordination
Several Definitions. . .
Coordination is the process by which an agent reasons about its
local actions and the (anticipated) actions of others to try and
ensure the community acts in a coherent manner
[Jennings and Wooldridge, 1998]
Coordination as management of dependencies between
independent activities [Malone and Crowston, 1994]
[Coordination as the activity that] involves the selection, ordering
and communication of the results of agent activities so that an
agent works effectively in a group setting [Lesser, 1998a]
Co-ordination is a process in which agents engage in order to
ensure a community of individual agents acts in a coherent
manner [Nwana et al., 1997]
[Coordination as] a way of adapting to the environment
[von Martial, 1992]
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The Whole Mess of Coordination Surveys
Several Surveys & Books. . .
Surveys
“DAI Approaches to Coordination” [Gasser, 1992]
“Models and Technologies for the Coordination of Internet Agents: A
Survey” [Papadopoulos, 2001]
“Models of Coordination” [Tolksdorf, 2000]
“Co-ordination in Software Agent Systems” [Nwana et al., 1996]
“Coordination Models: A Guided Tour” [Busi et al., 2001]
“Reusable Patterns for Agent Coordination” [Deugo et al., 2001]
. . .
Books
“Co-ordination in Artificial Agent Societies” [Ossowski, 1999]
“Coordination of Internet Agents” [Omicini et al., 2001]
. . .
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The Whole Mess of Coordination Surveys
Coordination Everywhere. . .
Reference example: “Multiagent Systems: A modern approach to DAI”
[Weiss, 1999]
Coordination spread in several chapters
Huns and Stephens’ section on coordination
Coordination as a ‘subsection’ of communication (2.2 Agent
Communication, 2.2.1 Coordination)
Durfee’s chapter of Distributed Problem Solving and Planning
Related to distributed planning and execution
Singh’s chapter on formal methods in DAI
Coordination section
Agha’s chapter on Concurrent Programming
Section on coordination in agents’ ensemble
Ellis’s chapter of CSCW and Groupware
Section(s) on coordination
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The Whole Mess of Coordination Surveys
Coordination from DAI. . . [Durfee, 1993]
General view
AI and Social / Organisational Sciences are inextricably related
coordination in a MAS as fundamental to intelligence
individual and collective intelligence
Coordination as a distributed search problem
search space as a common representation for organisation, plans &
schedules
global shared plan / organisation foundation for strong
interdisciplinarity
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The Whole Mess of Coordination Surveys
. . . toward MAS [Lesser, 1998b]
Coordination: supporting / promoting agent activities as a collective
scheduling, detection, learning, . . .
moving from individual to social viewpoint
Organisation
roles & responsibilities
limiting required info and deliberation scope
Architectural concepts
support for communication is not enough (KQML)
Focus on infrastructures
support for articulated agent interaction
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The Whole Mess of Coordination Coordination Approaches
Coordination Approaches Galore
Approaches rooted in Distributed Artificial Intelligence (DAI)
Approaches coming from Software Engineering contexts
more focus on infrastructure support to coordination
Approaches using Economics Metaphors
Approaches founded on Social Control and Institutions
Approaches based on Coordination Media & Languages
Coordination through the Environment
swarming & stigmergy coordination
. . .
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The Whole Mess of Coordination Coordination Approaches
Coordination as Distributed Problem Solving
Coordination as managing tasks / interdependencies [Decker, 2002]
PGP, GPGP [Lesser, 2002]
TÆMS (Task Analysis and Environment Modeling System)
[Decker, 1996]
Formal / complex model
actions & task, non-local effects, task structures
global planning / scheduling
coordination mechanisms as (formal) algorithms
Task structures for
reason about coordination
communicate about coordination
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The Whole Mess of Coordination Coordination Approaches
Founding Coordination on Commitments and Conventions
“Foundation of Coordination” [Jennings, 1993]
Same DAI-vision
Coordination as distributed goal search problem
Basic bricks
(joint) commitments & (social) conventions
local reasoning
Frameworks & Technologies
GRATE* system/technology [Jennings, 1995]
teamwork
ADEPT architecture [Jennings et al., 1998]
business process management
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The Whole Mess of Coordination Coordination Approaches
ACL-based Approaches
Coordination just upon communication [Cost et al., 2001]
Patterns of communications
Interaction protocols, conversations
Individual viewpoint over coordination
Conversations “out of agents”
Some assumptions
intelligent, homogeneous agents
high-level communication language (KQML, FIPA)
closed societies, low cardinality
marginal role of the environment
communication / coordination between peers / pairs
Approaches
COOL (COOrdination Language)
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The Whole Mess of Coordination Coordination Approaches
Coordination Services
Customisable coordination services [Singh, 1998, Singh, 2000]
specified declaratively
based on temporal logics
for open systems based on opaque agents
“Framing Coordination” 
EASSS 2004, Liverpool, UK, 7 July 2004
Andrea Omicini
DEIS, Università di Bologna a Cesena, Italy 32
Munindar P. Singh. “A customizable coordination service for autonomous agents”, In Intelligent Agents IV: Proceedings of 
the 4th International Workshop on Agent Theories, Architectures, and Languages (ATAL-97), pages 93--106. Springer-
Verlag, 1998
Munindar P. Singh. “Synthesizing coordination requirements for heterogeneous autonomous agents”. Autonomous Agents 
and Multi-Agent Systems, 3(2):107--132, June 2000
• Customisable coordination services
Coordination Services
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The Whole Mess of Coordination Coordination Approaches
Team-Oriented Coordination
TEAMCORE [Pynadath and Tambe, 2003, Tambe, 1997]
coordination out of agents
“proxies” for legacy, “stupid” agents
focus on the infrastructure
as both enabling and promoting coordination
team-oriented programming
for developers
specification of team organisation hierarchy in terms of role & groups
specification of the hierarchy of reactive team plans
assignment of agents to plans
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The Whole Mess of Coordination Coordination Approaches
Middle-Agents
Coordination as intermediation [Sycara and Klusch, 2001]
performed by specialised (Middle-)Agents
between service providers and requesters (agents)
Service-oriented view
brokering in open environment
Mediation services
as coordination services
processing agent capabilities and service descriptions
enabling semantic interoperation between agents and systems
management of data and knowledge
enacting distributed query processing and transactions
Toward Team-oriented coordination [Giampapa and Sycara, 2002]
Coordination as a team problem solving, a` la Tambe
RETSINA + TAEMS/GPGP
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The Whole Mess of Coordination Coordination Approaches
Market-Oriented Coordination [Wellman, 1993]
Based on metaphors from economics science
“Market-Oriented Programming” [Wellman, 1995]
decentalised control [Ygge and Akkermans, 1999]
Contract Net Protocol
Computational Ecologies (Hubermann and Hoggs)
Heterogeneous agents
not necessarily intelligent ones
open societies, high cardinality
environment in terms of resources
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The Whole Mess of Coordination Coordination Approaches
Coordination through Social Laws
[Shoham and Tennenholtz, 1995]
Coordination as a restriction over agent activity
allowing them to reach their own goals
avoiding interferences
constraining interactions
“social laws”
Social law as built into action representation
rather than epiphenomenal
implemented as architectural system properties
designed off-line
explicitly represented (run-time)
The problem of open societies
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The Whole Mess of Coordination Coordination Approaches
Coordination and Institutions [Dignum and Dignum, 2001]
Organisation
social order
global behaviour emerging from individual interactions
how to make individual goals coexist with global ones
Coordination frameworks to cope with duality
rules and infrastructures
Norms and Institutions
to cope with the challenge of social order in open societies
explicitly represented and embodied out of agents
in general Institutions make it possible to
specify the co-ordination structure that is used
describe exchange mechanisms of the agent society
determine interaction and communication forms in the agent society
facilitate the agent’s perception of the aims and norms of an agent
society
enforce the organisational aims of the agent society
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The Whole Mess of Coordination Coordination Approaches
Coordination as a Service
TuCSoN coordination model/infrastructure
[Omicini and Zambonelli, 1999]
Tuple Centres [Omicini and Denti, 2001]
general purpose customisable coordination services
programmable logic tuple spaces
generative communication
ReSpecT language for coordination specification
enacting/enforcing coordination laws & constraints
spread over the TuCSoN nodes
network awareness
agent mobility
Agent Coordination Contexts [Omicini, 2002]
enabling and ruling agent access/use of the services
organisation & security issues
Orthogonal to the agent model/platform
TuCSoN & friends
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The Whole Mess of Coordination Coordination Approaches
Coordination through the Environment: Stigmergy
Coordination
Coordination enabled and mediated by the environment
[Parunak et al., 2001]
environment as a shared space for indirect communication
coordination through the environment
support for open & heterogeneous agent societies
overcomes the problems and limitations of individual viewpoint and
knowledge
it intrinsically embeds domain constraints
No need for direct symbolic communication among agents
Prescriptive
e.g., Pheromone-based model of coordination
Measuring coordination [Parunak and Brueckner, 2001]
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The Whole Mess of Coordination Coordination Approaches
Swarming Intelligence
Distributed problem-solving devices inspired by collective behaviour of
social insect colonies and other animal societies
[Bonabeau et al., 1999]
From natural systems
global robust intelligent behaviour
with simple & non-intelligent individuals
intelligence in the interaction / coordination — among agents, and
with the environment
Self-organisation by local interactions
Stigmergy as a subset
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The Whole Mess of Coordination Coordination Approaches
Field-based coordination
Computational fields as coordinators [Mamei and Zambonelli, 2006]
Co-fields
A unifying approach for space-based, stigmercy, and field-based
coordination
TOTA [Mamei and Zambonelli, 2004]
infrastructure tuples for fields, individual tuples for agents
tuple propagation, diffusion and decay
Omicini & Ricci (DISI, Univ. Bologna) 21 - Framing Coordination A.Y. 2012/2013 48 / 182
The Whole Mess of Coordination Outside AI / CS / SE
Outline
1 Motivations
MAS, Complexity & Coordination
(Too) Many (Un-coordinated) Viewpoints over Coordination
The Technology Galore
2 The Whole Mess of Coordination
Surveys
Coordination Approaches
Outside AI / CS / SE
3 The Coordination Sieve
4 Framing Coordination with the Sieve
5 Final Remarks
Omicini & Ricci (DISI, Univ. Bologna) 21 - Framing Coordination A.Y. 2012/2013 49 / 182
The Whole Mess of Coordination Outside AI / CS / SE
Remarks I
Coordination is neither an AI nor a CS problem
It concerns complex systems
where both complexity and system are notions whose nature and
definition vary according to the field of interest
There are branches of science that work on complex systems since
long before we (AI, CS, SE, MAS, whatever) did
They are to some extent more science than we are
They have results
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The Whole Mess of Coordination Outside AI / CS / SE
Theory of Coordination
Coordination Theory [Malone and Crowston, 1994]
coordination as managing dependencies among activities
dependencies among tasks
different sorts of dependencies
coordination processes to manage them
Shared Resources
Task Assignment
Producer / Consumer
Many different sort of systems and organisations can be modelled as
such
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The Whole Mess of Coordination Outside AI / CS / SE
Activity Theory (AT) [Vygotski˘ı, 1978]
Theory about the development/dynamics of collective human work
[Nardi, 1996]
Social/Psychological focus on human activities
objects and objectives
collaboration activities and actions
Focus on activities and artifacts that always mediate human activities
Both physical and psychological nature
cultural means, tools, signs mediating the relationship between human
agent and objects of environment
Explicit account for contexts and situated interaction
Particular focus on social artifacts, mediating social activities
[Bardram, 1998]
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The Whole Mess of Coordination Outside AI / CS / SE
CSCW & Workflow Management
Coordination and articulation as main issues
[Schmidt and Simone, 1996, Schmidt and Bannon, 1992]
complex society/organisation context
Gap between flexibility and automatism/structure
[Schmidt and Simone, 2000, Dayal et al., 2001]
Hot discussion: Suchman vs. Winograd & co.
automated mechanisms / coordinators — Winograd & Flores,
Workflow Management Approach,...
situated action —Suchman and classic CSCW
CSCW toward more coordination support from infrastructure
WfMS toward more flexibility for unpredictable events
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The Whole Mess of Coordination Outside AI / CS / SE
Remarks II
The Lack of a Unitary View causes
Weak scientific debate
Separated clusters of coordination scientists
Fragmented results
Feeble spreading of relevant results
Law impact on other communities — that may even need them?
Sporadic trans-disciplinarity
People re-invent the wheel — Microsoft Orchestration???
No transfer to industry
Unmarketable concepts and technologies
Unremarkable impact, in the end
But: is it a Unitary View what we really need?
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The Whole Mess of Coordination Outside AI / CS / SE
Remarks III
Complexity involves multiplicity & requires multiple views
forgetting about finding THE view
multiplicity as an intrinsic property of complex systems
Looking for a common frame, a structure, a sieve where the multiple
views
1 could be located, discussed, and compared in some of their parts
2 could benefit one each other — beyond inter-disciplinarity, toward
trans-disciplinarity
Understanding and bridging coordination gaps
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The Coordination Sieve
Goals I
Make it simpler
providing the right level of abstraction / separation
without sacrificing the perception of complexity
Understand / interpret most relevant approaches and results
help other people understand
Do not unify approaches and results
instead, put each of them in the right place
by interpreting them as different views on complexity
unified views typically attempt more than they can compass
exactly because there is no thing such as a unified view for
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The Coordination Sieve
Goals II
Make cross-fertilisation a solution, rather than a problem
the problem is not writing huge “Related papers” sections
cross-fertilisation is not “Yeah, I read that paper from the outside”
nor finding someone else asserting what I do not dare to say
cross-fertilisation is not “People from the outside told that, so. . . ”
This issue was raised in many different places
Schmidt & Simone “Mind the Gap” (CSCW ↔ Workflow)
Mamei & Zambonelli Co-fields
Parunak’s Stigmergy coordination
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The Coordination Sieve
Goals III
Provide people with a conceptual tool (a frame)
Supporting both the scientist and the engineer
To understand and compare the different views on coordination
for instance, understand when a comparison makes sense
To exploit the benefits and pluses of the different views
Promoting cross-fertilisation
Not labelling, but extracting
Different views should not be “labelled” and classified according to
some Linneus-like hierarchy
They should instead by “sieved” trying to extract any useful notion,
idea and contribution that could help
We frame their conceptual content, rather than the whole views they
endorse
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The Coordination Sieve
The Coordination Sieve I
A tool for
entering a view on coordination
be it a model, a mechanism, a system, an application scenario, even a
survey
extracting / filtering out (sifting) whatever interesting / useful
content (seeds)
both explicit and implicit content
being careful not to forget the context altogether
A multi-level sieve
where contributions can come at different levels
→ should be sifted at different levels
first check
If the sieve works, different “seeds” sifted at the same level by different
views should be inherently comparable
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The Coordination Sieve
The Coordination Sieve II
“Framing Coordination” 
EASSS 2004, Liverpool, UK, 7 July 2004
Andrea Omicini
DEIS, Università di Bologna a Cesena, Italy 52
e Coordination Sieve (2)
Meta-models
Models
Technologies
Systems
Classes of models
Languages
Infrastructures
Tools
Application scenarios
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The Coordination Sieve
Meta-models
A meta-model provides a key to interpret / represent coordinated systems
at a chosen level of abstraction
an ontology for coordination
either explicit or implicit: it might be a declared intent, or an
unexpected result
either conceptual or pragmatic: a priori (construction) / a posteriori
(observation)
A meta-model defines the constructive / observable elements and the rules
of construction / observation
entities and classes of entities
environment as what is relevant around the entities
relationships and patterns
among the entities
between entities and the environment
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The Coordination Sieve
Sifting a Meta-model
Extracting the ontology
reported it, if explicit
assuming it, if implicit
It should anyway come from the inside
not be a priori super-imposed
but rather understood from text & context
when unclear, better to say unclear
look for the intrinsic ontology
Cross-fertilisation
should not come before
but after the discovery of the intrinsic ontology
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The Coordination Sieve
Models
A set of conceptual and linguistic abstractions
enabling the representation / construction of coordinated systems
and the specification / engineering of coordination technologies
Every model comes along with its own meta-model
the intrinsic meta-model
which should not be accounted for at this level
since it was sifted above
however, any other meta-model providing a useful interpretation of a
model is allowed in principle
if it adds something to the general understanding of the model
sometimes, a different meta-model says more than the intrinsic one
Often, coordination models are only partially specified
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The Coordination Sieve
Sifting a Model
A model of coordination is concerned with both the syntax and the
semantics of architecture and interaction
Syntax
how are entities represented, and their relations as well
which language do entities use to express themselves, and to act upon
the environment
which is what we usually call coordination language
“linguistic reification of a coordination model”
Semantics
meaning of symbols
behaviours
The issue of formal specification
of both syntax and semantics
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The Coordination Sieve
Technologies
Reification of a coordination model / language
at development time
at run time
Coming from
specifications
white papers
papers
manuals
requirements
formal specifications
hw/sw
API, packages, infrastructures, . . .
source code / observable behaviours
development / deployment tools
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The Coordination Sieve
Sifting a Technology
A technology embeds a model
either explicitly or implicitly
again, extracted above in the sieve
and comes with a container
hw/sw
e.g., an infrastructure, or a wireless device
which should neither be sifted away nor forgot
Requirements & supplies
requirements define the boundaries / context for a technology
supplies define what a technology provides
to scientists, engineers, technicians, components, agents, . . .
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The Coordination Sieve
Systems
Individual systems
from a single application scenario, an ad hoc solution that embeds
some (form of) coordination
intelligent heating [Gustavsson, 1999]
Classes of systems
from a common application scenario, with specific requirements and
features, a (locally) general purpose approach to coordination
WfMS
CSCW
Classes of problems
from conceptually wide application scenarios, sharing a few
characteristic features, some complex coordination problems
pervasive / ubiquitous computing
ambient intelligence
. . .
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The Coordination Sieve
Visiting / Traversing the Sieve I
“Framing Coordination” 
EASSS 2004, Liverpool, UK, 7 July 2004
Andrea Omicini
DEIS, Università di Bologna a Cesena, Italy 52
The Coordination Sieve (2)
Meta-models
Models
Technologies
Systems
Classes of models
Languages
Infrastructures
Tools
Application scenarios
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The Coordination Sieve
Visiting / Traversing the Sieve II
Vertically
top-down
decomposing (sifting) the aspects of an approach at the most suitable
level of abstraction
classifying the different contents, the “seeds”
once decomposed, the aspects at the same level are ready for mapping
and comparison
not (necessarily) a single label upon a single approach
Horizontally
relating and comparing the seeds from different approaches
now homogeneous, at the same level of abstraction
then, comparable
enabling / promoting inter / trans-disciplinarity
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Framing Coordination with the Sieve
Outline
1 Motivations
MAS, Complexity & Coordination
(Too) Many (Un-coordinated) Viewpoints over Coordination
The Technology Galore
2 The Whole Mess of Coordination
Surveys
Coordination Approaches
Outside AI / CS / SE
3 The Coordination Sieve
4 Framing Coordination with the Sieve
5 Final Remarks
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“Framing Coordination” 
EASSS 2004, Liverpool, UK, 7 July 2004
Andrea Omicini
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The Sieve in Action:
Extracting the Meta-models
• Sifting essentially means answering to some basic questions
– It is not a deterministic procedure…
• Examples of questions for extracting a meta-model
– What is a system / a component in this approach?
– How can we distinguish a system / a component within – ?
• criteria a priori (construction) / a posteriori (observation)
– When does a component belong to a system?
• relation between system and components
– How do components relate each other? 
• static, structural relationship
– architecture
• dynamic, behavioural relationship
– interaction
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Sifting the Theory of Coordination
• Basic bricks (Ontology)
– Activity
– Dependency
• “If there is no interdependency, there is nothing to coordinate”
– Components? 
• no
• entities in charge of activities are not addressed as first-class in the 
meta-model
• Managing dependencies between activities is a Coordination 
Process
– coordination is fine grained
– many different sorts of coordination processes
• account for diversity in the coordination field
4
What do we learn?
The process (o  act vity) of coordination involve two basic tasks
• (1) detection of the dependencies 
• (2) d cision about which coordination action to apply
– A coordination mechanism shapes the way agents perform these 
tasks
– Mainly a bottom-up approach 
• dependencies as the starting point
• More generally, we learn that
– Coordination an abstract away from the intrinsic nature of 
coordin ted / coordinating entities
in fact, meta-model has no requirements for them
Sifting the Theory of Coordination: 
Remarks
5
Activity The ry
Context
Organisation Science
• Meta-model
– activity 
individual, social (colle tive)
artifacts
• as the mediators of any interaction
• as the results / go ls / tools of any activity
– relationships between individual activity and artifacts depend on 
the level of the social activity
• co-ord nation: artifacts are used by actors/activities
• co-construction/co- peration: rtifacts are engineered  (ideated, 
designed, developed, mantained) by actor/activities
6
: Remarks
What do we learn?
the role of artifacts and mediated interaction
• modelli g / engineering social activity
focus on embodied artifacts
three distinct levels characterising collaborative work activities 
acti g on or through artifacts
co-constru tion, c -operation, co-ordination
– dynamics between the levels
• inspecting and forging the artifacts
– artifacts are subjects of engineering
• design, development, deployment, maintenance, evolution...
– top-dow  approach to coordination
• the starting point is the social objective, th t guid  design and 
development of the artifacts
• Everything at the meta-model
– no surprise
7
SE per pective
Coor i ation models a d langu ges in distributed systems 
• Meta-model
– coordinables
• who p rticipates to coordination 
– coordination media
bstraction enabling and ruling coordinabls interactions
– xamples: semaphores, monit rs, tuple spaces,..
– coordination laws
defining the behaviour of the coordination medium with respect to 
c rdin bles actions
coordination language
– primitives used by agents to act on the media
• communication language
– language used to describe information exchanged in the context of the 
coordination language
Ciancarini ‘96
Paolo Ciancarini: Coordination Models and Languages as Software Integrators. ACM Computing Surveys 28 (2): 300-302 (1996) 
8
ep rati n nd orthogonality betw en 
co r inated ent ti s (coordinables)
– focused on computation
• coordinating entities (coordination media)
– focused on (the management of the) interaction
– Expressiveness
• This meta-model is expressive enough to describe all the 
coordination models and languages emerg d from the PL/DS/SE 
coordi ation community
A ain, everythi g t the met -model
again, no surprise: i  wa  meant
: Remarks
9
Mappin Activity Th ory & Coordi ati n Models
Act rs vs. Coordinables
represent the individual tasks / activities
Art facts v . Co rdinat on Media
represent the means t  accompli h the social / global task
typically share  nd used concurrently by multiple agents
providing agent a set of po sible actio s 
enabling and constrai ing / governing age t interaction
Horizontally: 
Mapping at the Meta-lev l
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Coordinatio  media as artifacts in the MAS context
coor ination a tifact
Three s parate hierarchical levels for MAS coordination activity 
co-ordin tion
• en ctment: usi  the coordination rtifacts to achieve the objective
– flu d and automated coordination 
co-operati n
establishing h w o achie e the social tasks and goals
– co rdination rules nd norms
sig i g and for ng c operatively the coord nation artifacts
– using the rules and n rms for defining their behaviour
– co-construc i n
• establishing MAS objectives
– social t sks, goals
rans-disciplinary Outc e: 
Coordination Artifacts for MAS
1
Coord natio  r facts:
Dyn m m b tw n Levels
nceptual remise
m ta-models impact o  methodologies
Id a
h w d es the notion of coord nation artifact impact on AOSE?
• Some results
– promoting i dependent ngineering of ag nts / artifacts
– designing & development with co rdinations artif cts
• separation of c ordin tion and computation from design stage
• benef ts
unc up d design
– reducing complexity 
– deployment with coordination artifacts
• keeping abst actio s alive
– from design to development dow  to execution time
b n fits
– aking debugging / change / evolution of coordination easier
– enabling / promoting corrective/adaptive/evolutive system maintenance
Trans-disciplinarity: 
AOSE with Coordin tion Artifacts 
7
David Gelernter, Nicholas Carriero. “Coordination Languages and Their Significance”. CACM 35 (2): 96-107, 1992
• Basic bricks (Ontology)
– there are active entities
• performing admissible coordination primitives 
– there are shared data spaces
• upo  which coordination primitives are perfo med
– tu l  ar  xcha ed between active entities and s ared data 
spaces
• tuple sp ces
• Relationships
– active entities can act on the shared data spaces by means of a 
set of basic primitives (coordination language) acting over 
tuples  
– constraints also n the (in er) behaviour of the entities acting on 
the spaces a cording to t e primitive i voked
Linda: Meta-model Level
4
David Gelernter, “Gener tive Communication in Linda”, TOPLAS 7 (1): 80-112, 1985
• Generative Communication model
commu ic tion survives the mitter
tuples have a  i d pendent life in tuple spaces
• Tuple spa e  
– multi-bag/set of data objects/s ructures called tuples
• Tuples
ordered coll ction of (possibly heterog eou ) i form tion items
• Coor inatio  primitives
put/rea /re rieve tupl s t /fr m the tuple space
out, in, rd (,inp, rdp)
C ordination defined by the se antics of the primitives
determined by the behavior of the tuple space in response to 
coordination primitives
ordinables sy chronis , cooperate, compe e ba ed on tuples 
available in the tuple space, by associatively accessing, 
consu ing and producing tuples
odel LevL nda Model
Obviously, Ciancarini ‘96 Meta-model perfectly applies to Linda
C o d n media
l  sp s 
– Comm nicatio  langu g
• tupl s
– Coordinati n language
ou , , rd (,inp, rdp)
Coordination laws
semantics of the primitiv s + tuple s ac  beh viour
as Coordination Model
and h t is coor n tion for Linda, finally?
ion as the tivity reifi d by the ex hange of tuple  and 
the mechanisms and laws established ruling the access to the 
sha ed da a spaces
• no models specifi d / provided for the coord nables 
– but constrai ts on th ir ob ervabl  b haviour on the tuple spaces
o rdin tion is outside the agent
• Linda comple ly sifted with the eta- od l nd model level
– not surprisingly
• …and C-Linda? Or mor  generally Lind  & its friends?
same (meta-)model of Linda, same class of model
at e bles the c siste  exploita ion f the same coordin tion 
language wi h a multiplicity f omputational l nguages
– but sifting m y not stop at the model level…
R m rks
• Context
– Sun looking for the Distributed Syst m silver bullet
• Same Linda meta-mod l
– “Classical” coordination od l
• Same Lind las  f models
– we may r peat th  same slides with some search&replace
with s m  addition / specialisation
• Model p cul ari y
– commu icatio  languag
Java Objects
c or ination language
• re d, write, tak
– extension
• Events, Lease
ifti  J vaSp ces specification: 
t -Model & odel
9
Tuple-base  family
Java Obj ts i stea of tupl s
but the role of the communication language does not chang
a  s rt f coordinatio  language
read, write, tak  inste d of rd, out, in
but bas cally th  s m behavi ur
Extension
Le se
new ranularity between in & i p ( d & rdp)
 J v Sp ce a d Lin a
80
It h ld b sieved as the JavaSpace specifications leaving the 
same i fo matio  t th  met -mo l a d model level...
...but shoul  l av  something also down to the technological 
level
• we will be b ck on the issue i  few slides
JavaSpaces I pl e tation
8
Dist ibuted oble  sol ing 
Ba ic bricks (Ont logy)
Tasks  
Autonom us pr blem sol rs
Relation hips & Inter c ion
In er-d pen e cie amo g asks
Ta k ssig d to th  blem solve s
Complex environments 
• ultiple tasks, i t r ctio , timing consideration, unpredictability
DAI A pro hes: 
L v l
analysi : TAEMS form l language 
p oblem re es ntat on 
formal scrip i  of task structures and relati nships
formal, quantit tiv , math matic l defini i
nnotated language n top of HTN (Hier rchical Task Network) 
plans  (Durfe )
multiple levels for e vir nme t d task characteristics
g rative, subj c ive, obj ctive
I s: 
d l Lev l
3
des gn: GPGP 
d ma  indep de t s heduli g 
b sed o  an idealize  model of gen s' activities (task tructure) 
an  c ordi ation r lationships bstractly defined 
– TAEMS to represent task structure and relationships
basi  coordina i n mecha isms
• communicating abstract and hierarchically organised information
d tecting in a g neral way the coordination relationships eeded by 
the artial global planning mechanisms
• separ ing the process of coordination from lo al scheduling
T EMS, GPGP & co.: 
ordination as distribut d problem solving 
d fining s e kind of al/task graph
ide tific tion and cl ssification f de end n ies
assigning regions of the graph to ag nts
c n rolli g cis s about which a e s of the gr ph to explore
traversing the grap
ensuri g that successf l traversal is reported
Rem rks (1)
mplex clos d nvironmen s
L rg -grai g t  
hig  le el ymb li  capabiliti s
u d r t ndi g t sk structur s & pla ning
“hete g e us ntellig n ” age t
dy amic, re l-time, egotiating agents
– Medium/low cardin li y of agent societies
• Defining gen ral purp c or inati n me anisms
toward e i ring 
se c ordination s rategies and solutions
GPGP
distinction between coordination behaviour and local scheduling
m dulati g local control, n t supplanting it
coordination patterns atalogue
2
6
TAEMS/GPGP e a-m d l n  Theory of Co rdination
an ging end nc es amo asks
GPGP coordinati  patt rns d coordina ion process handbook
(MIT CCS) 
• Co paring ge eral purpose coordination mechanisms 
(expressiveness)
GPGP m ch nis s
C ord natio  sp cification language ( .g. ReSpecT)
Coor inatio  reuse: tterns
– GPGP coordination patterns
ReSp cT p terns
– Coordination proc ss handb k (MIT CCS)
Kendall’s p tter s
he Sieve in Act on: 
C par sons
Dwight Deugo, Michael Weiss, Elizabeth Kendall. "Reusable Patterns for Agent Coordination". In Coordination of Internet 
Agents, Omicini et al. eds.,Springer Verlag, 2001
Basic ca al g e
Blackboard P t rn
Me ting Pattern
Marke - aker Patt n
Master-Slav Pattern
– Negotiati Ag ts Patt rn
Sifting Coordination Patterns
8
• Basic Bricks (Ontology)
– Social entities with communic as the means for  
perception a d acti n
• speech act theory
Pe formativ s
spe ch cts
Relation hip
S cial en ties int ract though direct communication
• sharing an ACL 
– syntax, sem n ic  and pragmatics
ACL
t -  l
pee h cts
• Conver ti  pr tocol
– me hanisms for structuring gent interac i s
pr arranged task-orient d, share  sequences of messages that 
ge s obs rv , in ord  t accomplish pecific tasks
Basic convers ti n issues
• s cifi a ion
DFA, COOL, Colour d Petri Net, ...
shari g
aggregation
F rmal verific ti n f rdination properties
• each bility, b un ne s, home properties, liveness, fairness
–
9
pu ly on op of  communication
b yo d the kn wledg  sharing app oach (interop rability)
basi  hypothe is: coo dina ion s a pur ly communicativ  issues
direct commu ic tion
str g t mp ral/sp tial c u ling
• Appro ches mi t pe /dyn mic societies a d
heter ge eous ag nts 
Not so ope , act ally
larg -g ai  intelligent ag nts
• soci ties ith medium-l w cardi ality
• Marginal role f the nv ro ment
– n  physical a ts
• [question: what oes FIPA stand for?]
9
From ACL et - o el to Activity T ory (AT) d back
C nversation a  in acti n pr ocols as AT ar ifacts
F edb ck f m AT studies
c n ers tio  good for suit bl  for low/medium-complexity 
c dina i n
c mplex coordination calls for more uncoupled form than direct 
co munication
• how to enforce agents to follow conversations? 
• From ACL meta-m del t  Theory of Coordination and back
– Captur n  p ndencies only b means of the ACL
ACL Conversati s a  b sic co rdi ation patterns
 Comp risons 
and T a s-d sciplin rity
[Reminder]: Coordination as the process by which agents reason about their local actions and the (anticipated) actions of 
the others in order to ensure that all agents in a community act in a coherent manner towards a goal or a set of goals... 
The actions of ultiple agents n  to be oordinated b cause of depend nci s betwe n a ents’ a ions, the nee  to 
meet global constraints, and no one agent has sufficient competence, resource or infor ation to achieve such system 
goal.
• Meta-m del
sam  as DAI-approaches
entitie able to observ  and reason about lo l actions and their 
effect on t e nvir nment
rela io hips/interaction:
ri  goal(s)
• dependencies am ng thei  actions
W ll-k wn 
Jen ing ’ Defi o ...
b e totally on agents
i i  u quely based o individuals cap bility of 
b erving, i terpr ting/re s n , and acting upo the 
en iron e
n  e i t rs o  agent (i t )a i
rk t ( r if co my)
B
goo
– environment resources
a ents
– s lf-i ter st d rati nal deci ion makers
Relatio hips/in eractions
agents as pro uc rs and consumers of he goods
• Theory of Gen ral Equilibrium 
distributed planning sy t m  bas  p iced mechanisms
Market-based App oaches:
5
del
t act Net P t col(
Market-Orien ed Pr gr min
basic m chan sms i plem nting vario s s rts of agent auctions and 
bid i g rotocols
des bing c mput i l econ y (m rket configuration)
– defi ition of a set f good
– in t nti ti n f a set of producers and consumers
com u i g the competitive equilibr u  of the economy
ting every co rd na i n c text a  a marke
es: d s ribu ed pla ni pr blem
g od  r ded + ag t  tr d g + e ts idding beh viour
Open o i ti s
heter g n ty
dyn mi
hi h card n lity
Mark t meta- l vs. (Theory f o rdi ion, Ciancarini’s 
a d T)
producers/consumers s specific kin  of d p d ncies
Th or f Gen ral Equilibri m as the coordination laws managing 
t s  pendencie
a c hyp hesis on agen s
rational, mpeti ve behavi ur, small with respect to overall onomy
Aucti s bidding prot cols as ‘disemb died’ art facts
Basic issues (about coo di atio  expressiveness):
All the depe dencies i  terms of competitive producers/
nsu rs depe den ies?
Ge eral purpose co rdinati  ar f bas d on the T eory of 
Gen ral Eq ilibrium?
The Sieve in Act on: Co p isons
e -m l l v l
w ff re pproa h s (at least)
Cianca ini ‘96 
or ination is charged u  th  coordination medium 
coordin tio o side th  age ts
agent  a  he co rdinated entities (c ordina l s)
Coordi a i The ry
dependenc es ar  detected ‘outs de’ the ag nts, but managed by 
coord a o  processes a ted by the ag nts t emselves
coordin tio  odelled outsi e agents, e acted by agents
h i t ll  Who/where is 
the Co r in o , ll ? (1)
 l ve
Linda/Jav Spa  
basic coordi ation is harged upo  tu le space
but ar icul d ion ctivitie  requ r  g nts to ompose 
the basic ordinati cap bilities provid d by the tupl  spaces 
and th  Lin a co rdinati n language…
• co rdinatio  ot fully encapsulate  outside agents
imited e pr ssiv n ss char e coordination load upon agents
• Jennings a pro ch
coordina ion charged upon agents, p ssibly shari g conventions 
and inter ction protoc ls
– agents s coordinating entities
2
10
Ho  is e
ff t  v ry l vel he sieve
affe t  m delli g an  gineering of sys ms
Obje tiv  Coordi at on
coordin tion ou side th  ag ts
design ’s vi wp int ov r MAS
• Subjective Co rdi ati n
– fro i s d t  age ts
agent’s viewpoin  over MAS
Obj ctive s. Subj c v  Coo dination 
“Objectiv  versus Subjectiv  Coordination in the Engineering of Agent Systems” Omicini, Ossowski. 
In  Intelligent Information Agents: The AgentLink Perspective. LNAI 2586 (State-of-the-Art Survey). 
Springer-V rlag , March 2003
10
H or c lly
, separ e ppr ach s
have not work  tog h r / no v recognised ach othe
Howeve ,  way  d l / build compl x (ag nt) systems
adopting only o e o the tw  vi wpoin s
ne d t econcile / us  h m altog th r
in bo h the m d lling e ine ring f MAS
Activity eo y as unifyi g meta-model
reconcili g th tw  approach s round h ot o  f artifact
G p b ween Obje ive and
Subj ti o
A oach  d tified at se arate AT evels
Obj cti coordin n t the co-ordinatio  le l
c ina io char d u  artif s, wh se behaviour reify  th  
co rdi tion law , s i l r le d orms required to achi ve the 
obje tive 
– Subj tiv coordi ion t h co- p ra i  l vel
ctor  negot a nd es blis cooperatively the coordina ion laws, 
soci l rules and nor s requi d to chiev  th  objective, established 
at the -const u i  l l
Level dy amism to bridg th  gap
fro  co-oper ti  t  co-or i ti  = fr m subj ctive to objective
f rging h  artifa t with th  d sign d c ordinating b haviour
fr m co-ordi ation to co-operation = from obje tive to subjective
• re-considering artifacts b haviour, to change/adapt coordination 
activities (es: facing coordination breakdowns...)
B idging h G p: Ac ivity The ry for 
s
Ac vi y Th ory f r Meta- del
uCS N coor mo l & nfras ructur
w b n a  u ly obj c ive ne
but th n he n ed for c ciling the two viewp int as 
recog sed, so…
T day, TuCSoN aim  at r c ciling t e subj tive and objective 
point f v w
v n th ug  the “ bje ive’’ star ing point is quit ap arent…
M els br dging the Gap: 
T CS N
Basi bri k ( tol gy)
au mou n  si uat d titie
s ua ed i  or anis ional con exts p ovi in  coordi tion services 
e eri g a d using t  c di ati primitives rovided by th  
or i ti  nt xts
sh red n r l purp se cust misable c ordi ation media (as 
shared pr r mmabl  d ta spac ), calle  tuple centres
• acc ssed as coordi a ion s rvi e
• dis ibut d/coll ed in nodes of so e organisational contexts
upo  which c o dinatio  primitiv s re p rformed
agent c di  c tex s model ntities ccurrence wi hin 
an orga is tio l o xt
all wed/forbidd n actions/percepti ns (coordination primitives)
– t pl s are xchanged between the autonomous entities and the 
c ordination media
uCS N: 
a  (1)
R l i hips
he a to m us i g  d enter coordinati n
c nt xts in ord r  cc s  a d  th  co rdina ion services f 
n ga i i
c ess d use of t se v es is prov ded by me ns o  a set of 
b i imitives ( o rdinati  l guag ) using tuples  
u i g tuple ce tre  (servic s)
ins cti g/cha ing h  eha iour of upl  c tres (services)
:
 (2)
TuCSoN org ni ati n/co r in ti n space 
or s contexts cha ct ris by istribute  s t of nodes 
r viding tupl c  as c r i tio  services
Tuple ntr s run i  o r i tion abstra ti ns
logi p o m le uple spa es
l gic tuple s commu icati  languag
R Sp cT for beh vi r sp ifi a i n
formal se a tic
g r l pur se ustomis bl c rdin ti ervices
coordin tion d fin by the ma tics f the primitives 
+ th  pro ra ed behavi ur of he tu l  ce t
• beh ur ca  b  insp c ed/ch nged dynamically
TuCS N: Mod l L v l (1)
(M bi ) a e t j  a g nis tio  c nt xt by negoti t g and 
e teri  t rdi  cont x
enabl s a d rules s a s t tupl  centres a ording to
the r ga i ati posi ion
i a i  primitives fo  accessing/u ing upl ce tres
out, in, d, rdp, inp
• ordination rimitives for specting/changing tuple centres 
b haviour
– s t_sp c, get_s ec
2
Ex en ing Lin  el 
w rd MAS
ag  au omy
n ti   a s rv c  h l phy  
s vices enc psul ti g c ordinat on
ovi e by the infrastruc ure
ordin i + i ti n 
s curity
Remarks
1
Bridging t  
bj ctiv /S bjectiv  Gap
TUPLE CENTRES TUPLE CENTRES
T CSoN
h  nf ru tu
Java-bas
s pp r ing het oge e u ag t m d ls
rrently J v  d Pr g b s d ge ts
Jav  PI 
S rvic s
• t  negoti t  and t r an agent c ordina ion c nt x
t  ct on tupl  centres by means of the action enabled by the agent 
c rd n  co text
E bli g java-bas d implement tion of ag nt mod ls to exploit 
TuCSoN o rdin ti n ser ic s
chnol y L vel (1)
ls
run im sup rt t d vel m t, pl ym , t ing  
v lut o of c r nation artifacts
o only a  imple nt ti  fe t re, but integrated part of the 
model/infrastructur
Tools fo  hum n
Sh ll
(int r-)a t directly on tupl  ce tres
Inspe tor
to insp c  n d bug at runti e the c mmunication and 
co r na i  stat  of t tuple centre (coordi ati  artifacts)
– insp cting and changing the behaviour of tuple centres by inspecting / 
changing the ReSp cT specif cation tuple set  
– Nod Ad in (soon available)
t  m ge the co rdin tion res urce of a TuCSoN node
OrgAd in (soon v ilabl )
• to m age the organisation i sues of a TuCSoN organisation c ntext
2
s ev s ppor s b th to - ow  d bottom-u analysis 
fro  d ls t e hn log , an  vice-versa
Botto -u  path issue
t e (or ) mo el fo  a specific t chn logy?
s: What the od l of JavaSpace technol gy? What is the mod l
of C-Lind ? What is the mod l of TeamCORE or DECAF?
H s the m del  for al specificati n?
Top-dow  th i su s
to build  c mpliant t chnol gy given th  model/
specific ti ? 
How to verify compliance?
Up nd Down: 
(1)
ck fo al s a tic for scribi g m l b h viour can 
lead t  i i ct i l me t s wi h diff e t behavi ur and
e pr s i s
Example: Li da
bor  with no for al se antics 
• goi g bott m-up fro differen  imple entations (C-Linda, 
J vaS ace , ...) --> differ nt coor i ion beh viour
Fr m te h l g e  odels: iscov ring i consist nc a  
holes 
Ex m l : E tracti g th  mod l fr m J vaS aces t chnology
do  ot coincide with the JavaSpaces specification
2
1
Refere ce im le tatio
fr  Sun
R qui t
J a / J2EE
Ji i
Pr visi n
JavaSpac a  i i m dia rovid d s oo di ti n 
s rvic s
– Ev nt m del
 model
• Indu trial i pl m ation availa le: Gig Space
– Provisions
• Quality of ervice
P rs ste ce, fault t lerance, scalability, performance, …
Techn l gy
Histor c lly m g d fr c d ring/comparing techn logies, 
b  c c s o l  d m ta- odels
tu i d i  ticul r in he text f bj c iv od l
imp cti g o all the ot r b ttom vel
inv lvi  bo in actio  a d comput ti n
Issues
At the m t - el level
W t kin of rel tionshi s betw en the entities nd the entities and 
e viro me t ca b  captur d a d sp cified?
t t  mo l l vel
• What kin  f coordination activiti s can be specifi  and enac ed 
us g a s ec fic ordi o  m del?
Wh t ki  f co i ation a ivities, s cial asks, ... can be 
supported by the coordin tion medium?
What kind of d pen enci s ca be specifi d and ma aged?
• What kind of objectives ca  be supported using some artifacts?
Hot issue: Expres iv ness
7
ea co o l
pr vi ing ch h terog neou g nt a proxy capable of general 
te w k a abili s
ea c  proxy
ST AM module, based on SOAR (Newel)
» r usable and g neral purp e t amw k capabilitie
» automatically dealing with f ilures and continge cies
proxi s aut ma cally gen rate r quir d c rdination actions in 
execu g their ta k  and i teract ac ordingly
Team- riented programming
pecific tio  of 
team organisation hierarchy 
» role and groups
hierar hy of reactive plans
– KARMA agents 
• locating agents and allocating roles/tasks
ambe’s Tea c re: 
David Py adath and ilind T mbe, “An automat d teamwor  infra tru ur  for heterogeneous software agents and humans 
Journal of Autonomous Agents and Multiagent Systems (JAAMAS), 2002s
h r us c pe ativ  u on m u  and si u ed enti i s
o c r i tion c pabiliti s
shar d g als
titi s (p oxies) with coordin tio  c p bilit e
– one for ach autonomous e tities
dyn mic a d unpr dic able nvir m nt
R latio h ps
t e proxies mediat  gent inter c ions nd gen rate uitable 
mm nica i n ctio s ccording to a global pla specification 
Sh redPl  th ry (Grosz, Kraus)
– Joint In ention Theo y (Coh n, Levesque)
’s amc r : Extracting 
 M t -M el
2
d a  inter tio pproach
T amc r  pr xy diating g  (i t ) c i
C r ti b r  tsi h parti i  ag nt
r io putat on a c ordi ati n issu s
sup ort f r heter gen us age ts
upp t f yna c lly a ap ti  f o rdin ti n
• Encapsula i of c rdi ati
reus
2
Qu t s
if ery thi g i n g n , w  is a proxy, from a phil ophical/
et -m d l vi w?
what r h rel ti ns ip w n an age and his proxy?
Answ rs f o  AT nd Cianc in ’  a-mo el:
T co r xie  a coor na ion c o di ti media/ rtifacts
T a - e te  pr gr mmin  l n uage  beh viour s ecification 
ngu ge f the artif cts
aris
2
B d rel ti shi s
E t tie pr vi ing/ ques ing ervice
E t i cti g as i i n s rvices
d  ervi  m g d d ies am ng r quest rs 
a d r vid rs
Mod l
Mid l - g s c ing me i t r
Predefi ed int raction to ols
ma chm ki g
brok ring
arbit at on i n got ion
• Tech logy
– RETSINA infrastructur  
RET I A dl -Ag  
s i te  i raction: Two basic flavor
u g speci l ge s a ifac s
x: m - g n  RETSINA
Distr t  i i  T eory
“Everythi g is gent” mott
using or ti  artifa ts as firs  class citizens 
ex: tupl  centres n TuCSoN
A tivity Th y
“Ke  the b tracti s aliv ” mott
 
( a rvic s/co d a io artif ct ) to (A tiv ty 
Theory, CSCW ta- d l) d b ck
Prop rt s f  coo ina ion/m dia ion artif cts
pr dict b lity
for l s m n cs f artif t b h viour
in p t bility
nitoring and acki g soc al hi to y
yn mi  ‘f rgeability’ 
ev luti n and ada tion of co rdination
v rif bility nd ‘d u -mod lity’ 
easy mainte nce 
r bust ess and quality of service
as part of th  infras ructure
r s-d ipli ari y
E AF Di ib d E vi o m -Ce tre  g  Fr m work)
g n  olki
RETSINA s sic infr str ture
s gn, d ve op, nd ex cu e ag ts 
TAEMS d GPGP as model  for presenting/enacting coordination
l rg -gr i ed int llig t g nt
i i , planning, cheduling, ex cutio  nitoring, and 
c ordin tion
ack to TAEMS, GPGP & c
AS as  s ci  with r
s c al g ts
I st t ti
/i r cti s
Ins it on  able n regul te g t  (in r)actions 
s cial n r s d co entio
i ty oals rou h s cia  or r a d ontrol
e-Inst tu s: 
e-I tuti n c r in i chani ms and s r ctures
efi h  cia g  te c - rdin ion struc res
m k s / two k / ie archy
le  (”w t y u can ”)
ci l rms 
defin  x ng m ha is s of th  gen s c ety
e f rc in r tion a  c unicati  forms within the society
e l pe ceptio f h  individu l agents f the aims and norms 
of h o i y
s rvices for tr t
e-Institutions co rd ation ena ment mod l
setting up and running the societies
sc e (”w re you can do it”)
• protocols (”what can you say”)
–
Str ng ation hips d s e gy b w  organisatio  a d
coor i at o
ecur ty/trust i s
 s i ti
im os ibili y f di r is tio al/ or ative l me ts 
wi hi   
n ed to r p es t el nts u f the a ents, objectively
• Ch lleng s d i f cul i
I fr str ctur ? Tools?
fr m f m l models to ‘first lass abs actions’
ci l s ut of the g ts, OK, but wher ? 
h w o  wh e o mbody Instit tions, really?
middle- gents?
• how to (un)couple agents and Institutions?
I s i ti  a c or i ti edium/arti a t
• e a ling d uli g ent interactions
ci l or s a  conventions as oo dination laws
• r vid ng/ surin c rity s r i es (trust...)
M d l 
‘H w/wh r   b d so ial or s n  co ventions?’
Mi dl - ts a iat r ervi es of the e-Insti ut s
i i  r if cts as b ied artifacts -Institution
– .g. TuCS N tu le centr s
agent coor ation co ext to (un)c ple agents and Institutions
– e.g. TuCSoN agent c rdina on context
• Techn logy
Institutio  fr structures sup rti g ( o r i tion) artifacts a  
irst cl ss bstracti ns, us d and accessed by ge ts
i
3
B o
ctive iti s
ty icall mobil , ith o symb lic reasoning capabilities
c p ble ct and se the enviro m  by placing/sensing some 
ind f sig
e v r
liv
collectin , tr nsformi g, prod c ng signs
R latio hips
entities i ter ct by pla ing d sing igns on/from th  
e vir n
cal te ction
media ed i t r cti n
S ng Stigmergy Coord nation: 
e e e
31
ed i r ctio through he env r ment
pe s a d h t r g ity f th opulatio
n  d f c pl x co mu ic ti  la guages
yna i
ev luti rga is ti  and ordin tio
self- rga is tio
rescriptive c rdin i
e beddi g d m i co tra nts in the nvir nment
quality of th  c din t on pr ss
t rmodynamics-like prop rti s
P r -  l 
bil en  (like t )
h s as i
cti n  for d po it/ e sin  p on
en r m nt c r i ation me ha ism  
ph r ne aggreg ti n
ph o s ev r tion
p er o s diffusi
Stig r oordination: 
D i ing ph r m e-bas d m del ith C a c rin ’s meta-
l
a n o  ti i s c rd bl
envir n  (c lle i f pl ) s m i m
ph e ructures s munic i  la gu ge
s rvices f r e s t/ n in  pheromon s  as coordinatio  languag
viro m t p s a c rdinat o law
Compari s: TuCS N
TuCS N d s as vironm nt pl ces
tupl  ntr s emb ying envir nm nt function at each place
enviro ment functio  r lis d by t ple c ntr behaviour
• ph ro es as l gic uples
 
S T v . h o o e vir e t b sic fu ti ns 
xp ssiv n s  of di at
which kind f c rdi ati  ac ivi i  c  b p cified
r  g reg ti /ev p i / iffusi ) e o gh fo  d scri ing
nd ti g y oordin i n ctivi y?
what kind f ReSp cT pat rns co respo d t  th s  services?
S. Bru ckn r. “Return fr m th  Ant: Synth tic Ecosystem f r Manif cturin  Control”. Th sis at H mb ldt University of 
Berlin, Department of Computer Science, 2000
o n -b s ag n i f uc ur
ne w k f pl c
 mobility
lace se vice (for ag nts)
d p it ph ro ne
q y p rom n s r gth
ystem
ndiv du  y s
 ingl  a pli sce ari , an d h c s lut on th t 
b ds c or i a on
n elli n heati g (Gust v on 1999)
• Classes of 
f m a o mo pli ati  sc ri , w th p cific requirement  
a d f a u , locally) g n ral purpos  appr ach to
c i ti
WfMS
CSCW
• Classes of problems
fro  co ceptually wide ap li ation scen rios, sharing a few
chara teristic fe t res, s  c m l x or i ati  problems
• pervasive / ubiquitous computing
• ambient intelligence
…
S W: BACO
Divitini, M., C. Simone, and K. Schmidt, “ABACO: Coordination mechanisms in a multi-agent perspective, ' in COOP '96. 
Second International Conference on the Desig of Cooperative Syst ms, ntibes-Juan-le -Pins, France, 12 - 14 June, 
1996, INRIA Sophia Antipolis, France, 1996, pp. 103-122
h l y L
BA O (Ag n B d Ar hi  f r CO rdina on mechan m)
ul i ay t b s d hi ture
u i  cr o , m i i n act ve o putati nal coordina io  
m ch nis (C2M)
ARIADNE f a work
ach C2M s comp sed gent
UI a nts, Pr ctor gents, Active Artifa t agents 
Int r p r bi ity Langua e f r age t int r ction
– i id  and acro  ultipl   C2M a e ts
B CO:
Le
i l C n i n Mecha i ms (C2M)
ftwa  v c mb d g artifac + pr tocols f  co rdi tion 
m cha i
ate / behaviour
dyna ic c m ositio  an  da a i n
Su scription, Inscription, Pr s ription f nctio ing mode
– Aria n L u ge
G n al ot ion to b ld C2M co p sing basic  O ject of 
Articulat on Works C mponent  (OAW)
Role, A tor, Task, Activity, Ac on, Interaction, Resource
4
l ipl ctor
n fi ld f w rk
h d o pu i l c rdi tion m h ni ms
ordi t v ot ls + rtif c  (th ir bj ctific ti ns)
l ti i s i t c i n
ors i ra  (w rk g th r) by changi g the tate f th  
n field f w k t ro gh the a c s d use f the shar  
com u a io l co rdina i ch isms
i i :
r ti a M - odel
4
c al ure of w rk
mu ual d cie in w k r qu e c oper ti n
s ive r-d p d cy t n
beyon  the ssic concept f depe ency 
oordi ati  bur  ch rged ou  f ctors, n omputa ional 
c ordinati  mec
mbo i d ti i s
obj c fy  c o di ati  pr to ls + rtifacts
prop rti s
ll abili y
linkabil y
A c i n of w k
a t v i + t viti s for
s tup/shut ow  f th o r ac ivit s 
rearra /a pt tion  th  coordination activities
u al ar s 
u por ing c ntext obs rva ion
s l c io  f h  p r priate co rdi ati n m h ni ms
inte per ity g coordina i n m hanism
mutual l g ment f h ir unda y obj and ev nts
t t ta-mo l vel
SCW ompu l coo i i m cha is s, A tivi y th ory 
r if s d Cia n ’  oordin n edi  
bj tiv  c rdi tion 
ordinati  by m s f medi ting d ruling agen  interactio
• Basic qu i s (tra - cipli i y s ):
Wh t abo t CSCW Articulati  c n ep i MAS objec iv / ubject 
appro s?
Can be th CSCW mpiric l re ear h n c mputation 
n sm  us ul al o for MAS ls?
Objective approaches
val able indicati  fo  co rdina n a fa s gine ring properties
» i ct bi ity, redi ta ility, ...
nd f r subjectiv  p roac es?
coordina io  tifact  for team-oriented programmi ?
Rune Gustavsson, “Agents with Power”, CACM 42 (3): 41-47, 1999
MAS fo  int llige t heating control in a smart 
nv r m nt c t xt
a sy m: S-b sed Smart
H vic s
Vil la Weg  smart 
enviro ment context 
(Ron eby, Swed n).
te c n ble b a Lo Works-b s d infrastructure 
bl g device  ( nsor , actu t rs) xc a ge of inf rmation  
S a bl f r t ing a ki g at  of th vir me t
eiv ng d racking all the infor i  f om d vi es
C n ept al t c ur f th  MAS
vi es  c rd le e ti i
f h ir s t  
dy mi i i n / o i  fr th yst
Shar d at  bl  th  o r nati n m diu
r cking c iste ly gl b l stat of the iron t
l
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Final Remarks
Lessons Learnt I
Each view / approach over coordination
was conceived in a context where it worked
under given pre-conditions, it solved problems
provided some features
at different levels of abstractions
comparison can be made only at the same level
Complex systems present multi-level, multi-faceted problems
there is no such a tool that solves every problem
the point is not only to have all the tools available
in particular when so many tools are available
the problem is to understand which tool(s) and when
and how to make them work together
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Final Remarks
Lessons Learnt II
Different views on coordination as a multiplicity of sources
of ways to understand problems / systems
of conceptual tools to solve problems
in the modelling / engineering of complex systems
to be used altogether whenever needed / useful
the Coordination Sieve could be a useful (meta)tool to help selection
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Final Remarks
Expected Impact on MAS
Modelling
meta-models providing multiple, original viewpoints to interpret
observations
conceptual tools for understanding / modelling complex systems
multi-level, multi-source abstractions
cross-fertilisation
→ inter-disciplinary / trans-disciplinary
more articulated models
→ well-founded via media between simplicity and expressiveness
Engineering
meta-models providing multiple, original viewpoints to define
requirements
conceptual tools for analysis and design of complex systems
multi-source, multi-purpose models / technologies
well-founded selection / positioning of models / technologies
mediated interaction
the role of artifacts
artifacts vs. middle agents
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